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Abstract 
This paper analyzed the general month distribution of moisture load and solar radiation in the high humidity regions, 
and then calculated the monthly average solar radiation energy and the moisture load, so as to obtain the seasonal 
match between energy and load. After analyzing the relationship between humidity and PMV, it showed that solar 
energy can be used to dehumidify to raise indoor comfort in the transition season of the high humidity area. By using 
solar energy, it can reduce primary energy consumption, save energy, lower energy consumption and reduce 
pollutants discharge. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name 
organizer] 
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1. Introduction 
According to statistics, central air conditionings for civilian public and commercial buildings are 
generally high energy consumption devices. The energy consumption of central air-conditionings account 
for about 50% of the total energy consumption, and the shopping malls and complexes may be as high as 
60% or more [1].With the rapid development of China's economy, air-conditionings will be more 
widespread and popular used, and will further aggravate the energy consumption of air conditionings in 
the next period of time. In the traditional air-conditionings, heat and moisture loads are combined to be 
treated, which means that the heat load is same treated as the moisture load, and they are all bearded by
the refrigeration units. However, due to a large latent heat of vaporization of air, dehumidify energy 
consumption of air conditioning unit occupies about 20% to 40% of the total energy consumption. In hot 
and high humidity regions, the proportion will be greatly higher. In order to reduce air-conditioning 
energy consumption of the primary energy, and reduce pollutants discharge, new energy sources could be 
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considered to complete the air conditioning load, to achieve the purpose of energy saving. Among all the 
new energy, solar energy is a seasonal distribution energy that is considered as large quantity, clean and 
pollution-free, etc. [2, 3] 
Indoor comfort is influenced greatly by air humidity. The comfort can ensure only by reducing indoor 
air humidity in a little bit high room temperature in the transition season of the high humidity area. 
Therefore, in the transition seasons that the outdoor temperature is not too high, it can consider 
dehumidifying by using solar energy to meet indoor human comfort requirements, and thus will reduce 
the primary energy such as coal, oil, natural gas consumption, energy-saving purposes.  
2. Distribution characteristcs of solar radiation and moisture load in high humidity regions 
In High Humidity Regions, Such as the Yangtze River in China, it is humid climate year round. The 
temperature is generally high and the air conditioning is using for a long time. Due to high humidity, air 
conditioning is also needed during the transition season. 
During the transition season, as the temperature is not very high, the influence of humidity in the 
indoor environment will be more evident, when the moisture load is relatively large. Shanghai, in the 
Yangtze River basin, with rapid developing economic, the quantity of using air-conditioning is very large. 
As an example, each month solar radiation and moisture load distribution of Shanghai are calculated in 
this paper. The match relationship is analyzed between solar radiation and moisture load distribution. As a 
result, it provided a theoretical basis for the using solar energy for dehumidifying. 
2.1Seasonal distribution characteristics of solar radiation  
Solar radiation changes with the seasons, with a certain regularity. Month average daily energy of 
solar radiation can be pressed as formula (1) [3]: 
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Where H  is monthly average daily, horizontal surface radiation energy, MJ/m2; OH  the average daily 
outside the atmosphere, surface radiation energy, MJ/m2; you can get a look-up in table1; n/N percentage 
of sunshine, also in table1; a and b are constant, determined by the method of Dutch scholar MR Rietveld: 
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One month average daily outside the atmosphere, surface radiation energy is given by formula (4) [5]:  
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Where scG  is the solar constant, 1353W/m2; sZ  is the sunset hour angle; G  is declination angle 
for the day; n  is the days of the year of request date, in table 2 [5] ; Latitude value is 31.11 degrees, in 
the Shanghai area. 
According to the formula (1) to (6), daily solar radiation was calculated in Shanghai and aggregated 
table 3, as shown in Figure 1. 
Table 1 Average percentage of sunshine in Shanghai 
month Average sunshine hours (h) Average daily radiation (J/m2) Average percentage of sunshine (%) 
1 142.4 0.4684 44 
2 123.5 0.5416 39 
3 147.1 0.6749 39 
4 151.2 0.7861 39 
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5 158.3 0.8354 37 
6 165.2 0.8856 39 
7 254.7 1.1148 59 
8 267.1 1.1148 65 
9 172.2 0.7866 46 
10 173.5 0.6691 49 
11 149 0.5211 47 
12 143 0.4428 45 
One year 2047.2 0.7383 46 
Table2  Recommended average monthly number of days 
month 
Day of each month 
the number of i-day 
formula 
The monthly average 
daily 
The days to n / 
(day) Declination angle į / (°) 
1 i 17days 17 -20.9 
2 31+i 16days 47 -13.0 
3 59+i 16 days 75 -2.4 
4 90+i 15 days 105 9.4 
5 120+i 15 days 135 18.8 
6 151+i 11 days 162 23.1 
7 181+i 17 days 198 21.2 
8 212+i 16 days 228 13.5 
9 243+i 15 days 258 2.2 
10 273+i 15 days 288 -9.6 
11 304+i 14 days 318 -18.9 
12 334+i 10 days 344 -23.0 
Note: When the date calculated with a solar radiation outside the atmosphere is the closest to the daily average of the month, it is considered as the date set for the average day 
of the month.  
Table 3 day monthly average amount of solar radiation (MJ/m2) in shanghai
month 1 2 3 4 5 6 7 8 9 10 11 12
Ho 20.37 24.84 30.74 36.18 39.58 40.80 40.05 37.35 32.51 26.51 21.30 19.00
Figure 1  The monthly average amount of solar radiation in shanghai 
2.2  The distribution characteristics of moisture load 
Conventional air conditioning burden of indoor Moisture load is mainly including personnel 
moisture load, wet load for fresh air into the indoor, bucket in the room and outdoor infiltration moisture 
load, etc.  
This paper takes Shanghai electricity institute art hall as object of study. The room size is 17 × 10 × 
3 (m), with wooden floor. Low-e glass is used on its south wall, solar photovoltaic assembly is on the top 
of the laying, and concrete is used on the north wall. To meet the design requirements, 10 people are 
needed in indoors. Indoor designed temperature in summer is nt = 27ć, in winter is nt =20ć, relative 
humidity nI = 50%; in summer supply air temperature is ot =21ć, in winter supply air temperature is 
ot = 25ć. The quantity of fresh air outdoor air is taken to be 30m3/ (h•person), and in accordance to 
GB50019-2003, the total new room air volume could be calculated as fV = 3003010  u m
3 / h. The 
room is showed in Figure 2.
According to design requirements, indoor moisture load has two parts, personnel and the bulk 
moisture load, ignoring the wet outdoor infiltration load. 
1) Moisture gain from occupant 
Solar radiation (M
J/m
2)
Month
Solar radiation (M
J/m
2)
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6
1 10278.0
u gnW E [6]                              (7) 
Where 1W  moisture gain from occupantˈkg/s; n  the people number indoor; E  clustering 
coefficient, 0.96[6]; g  moisture gain per hour for a adult male, g/h; at 20ćLV69g/h and at 27ć LV
115g/h [7]. 
Winter: 6
1 10278.0
u gnW E = 66 1084.1106996.010278.0  u uuuu kg/h 
Summer: 666
1 1007.31011596.010278.010278.0
 u uuuu u gnW E kg/h 
2) Moisture load about fresh air 
)(2 nwf ddVW  U
[6]                           (8)
Where fV  Fresh Air, m3/h; U  Air density, is 1.2kg/m3; wd  Moisture content of air at outdoor 
temperature, g/kg; nd  Moisture content of fresh air at air supply temperature g/kg. The parameter could 
be looked up in Table 4 and Table 5. 
Figure 2  Experimental room  
Table 4 Monthly average relative humidity in Shanghai 2003-2008 (%)
Month
year 1 2 3 4 5 6 7 8 9 10 11 12
2003 74 82 76 77 77 76 76 73 73 68 75 68
2004 72 68 70 67 73 77 71 75 78 67 73 77
2005 72 76 64 64 70 70 76 76 73 70 69 61
2006 79 75 65 64 68 73 73 67 69 69 67 68
2007 68 69 66 63 62 78 72 70 74 67 65 72
2008 72 64 62 68 66 80 70 75 75 73 71 65
Average 72.83 72.3367.1767.1769.3375.6773.0072.6773.6769.0070.0068.50 
Table 5 The average temperature in Shanghai 2003-2008 ( )ć
Month 
 
Year 
1 2 3 4 5 6 7 8 9 10 11 12
2003 3.6 6.8 9.8 15.4 19.8 24.5 29.5 29.2 26.1 18.7 13.9 6.4
2004 4.1 8.6 9.9 16.2 20.9 24.4 29.8 28.9 24.3 19.2 14.6 9.1
2005 3.4 4.3 9 17.8 20.7 26.5 29.3 28.3 26.3 19.2 15.2 4.9
2006 5.7 5.6 11.1 16.6 20.8 25.6 29.4 30.2 23.9 22.1 15.7 8.2
2007 5.5 9.4 12 15.6 22.8 24.7 29.7 29.5 25.1 20.4 13.9 9.2
2008 4.5 4.2 11.6 16.1 21.8 24.2 30.4 28.6 26.0 21.0 13.3 7.9
Average 4.47 6.48 10.57 16.28 21.13 24.98 29.68 29.12 25.28 20.10 14.43 7.62 
3) The total moisture load every month 
The total moisture load every month summarized, as shown in Figure 3. 
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Figure 3  The total moisture load each month 
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2.3 The match relationship between solar radiation and the total moisture load 
From the figure 1 we can find that sunshine radiation in shanghai is relatively abundant; from March 
to October. Meanwhile, the value of moisture load is relatively high from April to October. Compare 
transition season in shanghai, which is April, May, July, September and October, the temperature is still 
high, the solar radiation energy is big, and moisture load is also big. Especially in the season called 
“Meiyu” season in April, May, in shanghai, humidity load is very urgent. According to the distribution of 
solar radiation and moisture load in figure 3, the relationship between energy and load is matched, so 
taking full use of clean solar energy to dehumidify is feasible.  
3.  Relationship between Humidity and Human Body Comfort in Transition Seasons At High 
Humidity Region 
3.1 Thermal comfort index 
Professor Franger in Industry University of Denmark proposed the evaluation method about 
description and evaluation of steady-state thermal environment, this method is PMV-PPD (predicted 
mean vote-predicted percentage of dissatisfied) method. This method considering six factors about the 
situation of human activities, clothing, air temperature, relative humidity, air velocity, mean radiant 
temperature [8]. The expression of thermal comfort index PMV is shown in equation(9̚(13)[7,9,10]: 
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Where M  is the metabolic rate, in watts per square meter (W/m2); W  is the effective mechanical 
power, in watts per square meter (W/m2);
aP  is the water vapor partial pressure, in Pascal (Pa); at  is 
the air temperature, in degrees Celsius(ć)˗
clf  is the clothing surface area factor; clI  is the clothing 
insulation, in square meters Kelvin per watt (m2·K/W)˗ clt  is the clothing surface temperature, in degrees 
Celsius (ć)˗ rt  is the mean radiant temperature, in degrees Celsius (ć)˗ ch  is the convective heat 
transfer coefficient, in watts per square meter Kelvin(W/m2·K)˗v  is the relative air velocity, in meters 
per second (m/s); iA  is the surface area of i ,(m
2)˗ it is the surface temperature of i  in degrees 
Celsius(ć). 
Thermal Comfort Index PMV represent thermal comfort of the vast majority people under the same 
environment, indexing seven scale as shown in table 6[7]: 
This method adopted by the International Organization for Standardization, as the new standardized 
method about measuring indoor thermal environment proposed in 1984. 
Table 6  Thermal sensation scale
3.2  Example analysis about PMV of transition seasons in humidity regions 
We take the art hall in Shanghai University of Electric Power for example; make calculation in May 
(Rainy season). We choose the fine weather, and then setting the boundary conditions: the wall is external 
Thermal Sensation hot warm slight warm natural slight cool cool cold 
PMV  +3 +2 +1 0 -1 -2 -3 
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wall insulation with the thickness are 240mm in south, east and west. The wall is interior wall with the 
thickness are 240mm, the floor paved with wood. Calculate every wall temperature according to 
transition seasons. According to ISO7730, the metabolic rate M =58W/m2, dressing Panties, petticoat, 
stockings, dress, shoes, clI =0.7clo(0.103m
2·K/W), relative air velocity v =0.2m/s, the effective 
mechanical power W =0. The outside temperature among 27ć̚30 , induce the outside air into room, ć
so the room temperature is equal to the outside temperature,  every wall temperature is 3ć lower than 
the outdoor temperature, and then calculate PMV value based on the above parameters, marked the results 
of M and PMV in figure 4. 
It can be seen from Figure 4, indoor PMV values gradually decrease close to 0 along to the relative 
humidity of the air, which means reduce the air humidity can improve indoor thermal comfort. When the 
temperature is at 27ć, relative humidity is 50%, PMV=0.4, people remaining in this environment will be 
feel comfortable from comfort index, most people can be satisfied. Even at 28ć, if relative humidity is 
50%, PMV=0.5, if reduce the relative humidity, PMV will be more small, so we can propose a point that 
reduce humidity to achieve the human body comfort, and people reduce temperature to achieve the same 
level as usual, but this measure could consume lots of energy like electrical energy, coal, oil.  
But if relative humidity above 75%, PMV>0.7, this means people will feel slight hot, if the outdoor 
temperature will above 27ć, people will feel more unsatisfied when the relative humidity above 75%. If 
the outdoor temperature at 28ć even 29ć, people will feel more uncomfortable, in this case most 
residents will open air-conditioner to reduce the temperature to achieve a comfortable level, but this 
means that the cost of sacrificing a lot of electrical energy for comfort, lots of electrical energy will be 
lost. More seriously at daytime is in the peak period, period of power shortage often occurred at this time, 
so we can consider appropriate ways to reduce power consumption. 
For in transition seasons solar energy is matching to the humidity load, in Shanghai area when 
outdoor temperature is among 28  and the relative humidity is usually above 75%, at this period, ć if we 
use solar to dehumidify the same comfortable level can be arrive, lots of electrical energy will be saved. 
There were 22 days with outdoor air relative humidity higher than 75%, and 17 days with temperature 
higher than 27ć in May 2009. In this period people would open air conditioner to reduce the temperature. 
Solar energy should be used because it’s at a large value. Of course tˈhe same case usually occur on April, 
September, October. If we use solar energy to reduce the humidity to make the indoor environment 
satisfied to people, much coal, oil, and electrical will be saved and CO2 emission will be reduced, this is a 
very effective and environmentally friendly measures in another word.  
4. Choosing Measures Using Solar Energy to Dehumidify in Humidity Region 
There are many measures about using solar energy to dehumidify, mainly of solar absorption 
dehumidification and solar desiccant wheel. Both methods are the use of solar thermal conversion, make 
solar energy into heat, and then using this part of the energy for dehumidification. 
4.1  Solar absorption dehumidification  
Solar absorption dehumidification is using some certain salts, which have strong adsorption to 
moisture in the air, the salts and water constitute a specific work, like CaCl2 and H2OˈLiCl and H2O, 
TEG and H2O, these salts solution are called liquid hygroscopic agent. This process can make water in 
the dilute solution vaporized, hygroscopic agents to achieve regeneration concurrently. The regeneration 
temperature generally lower, about among 65ć̚85 , so ć it is easy to regenerate hygroscopic agents by 
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Figure 4 Relationships between M and PMV
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using hot water, the hot water from collector which collects solar energy.  
4..2  Solar desiccant wheel 
Solar desiccant wheel has a wheel, with solid desiccant painted in the core of the wheel. The wheel 
divide into regeneration air side and treatment air side, humidity air pass through the rotating wheel, and 
solid desiccant absorb the moisture of the air. Regeneration air obtains the heat from solar collector and 
passes through the regeneration air side. Hygroscopic agents are commonly used in solid silicone, lithium 
chloride, molecular sieve, alumina, etc. Regeneration air temperature of the hygroscopic agents are 
among 50ć̚260 , it is a simplć y way to obtain hot air from collector that can collect solar. 
Summary during the transition season, if we using photothermal conversion it is easily to obtain the 
hot water with the temperature above 80 , we can use the hot water to regenerate the liquid hygroscopic ć
agent and solid desiccant, this measure provide a reliable guarantee to using solar energy to dehumidify. 
5. Conclusions 
According to the calculation of solar radiation and moisture load matching relations in high humidity 
regions as above, and the analysis of the calculated result about relation between air humidity and comfort 
of environment indoor, we know that the idea about using dehumidification energy saving on high 
humidity area in transition seasons is capable. 
1) In the high humidity regions in our country, seasonal distribution about the solar radiation is 
according to the number of moisture load; both of them match each other from the point of energy and 
load. The calculation about quality of solar radiation and humid load indoor provides a theory foundation 
for dehumidify using solar.  
2) From the relation of relative humidity and human body comfort in indoor environment, we know 
reducing humidity can improve indoor comfort obviously. Especially on high humidity area in transition 
seasons, we can reduce the humidity to reach the need of comfort at a high temperature. Therefore, we 
can achieve the aim of energy saving and CO2 let reducing by using solar to dehumidify sufficiently, 
combining with reason distribution about the quality of solar radiation. 
3) The introducing about the two ordinary methods of dehumidification by solar, and the realization 
of regeneration about desiccant or desiccant wheel by solar photothermal conversion, provide credibility 
guarantee for dehumidification by solar energy. 
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